Introduction
============

Cigarette smoking is a major cause of disease, affecting several systems in the human body.[@b1-ccrep-6-2013-015],[@b2-ccrep-6-2013-015] Although reducing cigarette consumption does not improve prognosis,[@b3-ccrep-6-2013-015] smoking cessation has important beneficial socioeconomic and health-related implications.[@b4-ccrep-6-2013-015],[@b5-ccrep-6-2013-015] However, quitting smoking is a very difficult task. Smokers that try to quit without any medical aid or treatment have extremely low success rate.[@b6-ccrep-6-2013-015] Although several pharmaceutical products are available for smoking cessation, long term quit-rates are relatively low.[@b7-ccrep-6-2013-015] Therefore, tobacco harm reduction strategies and products have been developed, with the main goal to reduce the amount of harmful substances administered to the human body.[@b8-ccrep-6-2013-015]

Electronic cigarettes have been introduced to the market in recent years as an alternative to smoking. They are hand-held electronic nicotine-delivery devices consisting of a battery, a cartridge containing liquid, and an electrical resistance that is heated through the battery power and evaporates the liquid. The do not contain tobacco and there is no combustion involved. They deal with the chemical addiction by delivering nicotine to the lungs and consequently to the circulation. Although millions of people use them all over the world, there is lack of clinical evidence on their efficacy in reversing smoking-related disease and conditions.

Chronic idiopathic neutrophilia (CIN) is a condition characterized by asymptomatic elevation of white blood cells (WBCs) and neutrophil count that persists for years without any underlying disease.[@b9-ccrep-6-2013-015] Smoking has been implicated as a cause of this condition,[@b9-ccrep-6-2013-015],[@b10-ccrep-6-2013-015] and leukocyte count is a predictor of future cardiovascular events.[@b11-ccrep-6-2013-015],[@b12-ccrep-6-2013-015]

To the best of our knowledge, we report for the first time a case study of a subject with CIN that was reversed by smoking cessation with the daily use of electronic cigarettes. Written informed consent was obtained from the patient for presenting this case report.

Case Presentation
=================

A male Caucasian, born in 1977, was presented in September 2005 with an elevated WBC count found during a routine check-up. At this time, he had been a smoker since 1996 (9 pack-years at the time of presentation). He had a positive family history of premature coronary heart disease and hyperlipidemia, which was treated with simvastatin at 20 mg/day since 2003. Complete blood count tests performed 9 and 18 months earlier were normal (WBC: 8900--9700/μL, neutrophils: 4183--4462/μL, lymphocytes: 4005--4268/μL, eosinophils: 89--194/μL, basophils: 623--776/μL). At presentation, his WBC count was 14,600/μL (8614/μL neutrophils, 5256/μL lymphocytes, 292/μL eosinophils and 438/μL basophils). Hematocrit (45.2%) and platelet count (305,000/μL) were within normal range. Blood smear was normal. The test was repeated twice in a different laboratory with similar results. He was completely asymptomatic, had no history of recent infections or trauma and reported no fever. He had no changes in body weight or appetite over the past months; his body mass index (BMI) was 27.7 kg/m^2^ at presentation. Clinical examination was normal and he was afebrile. Routine laboratory examinations did not reveal any renal or liver dysfunction. Thyroid hormones were within normal range, as were serum cortisol levels. He did not report any recent intake of steroid drugs. C-reactive protein was elevated at 14 mg/L (normal range \< 5 mg/L). Rheumatologic and infectious disease work-up (including ANA, anti-dsDNA, Le-test, Ra-test, ASTO, CMV and EBV antibodies, Wright test and Widal reaction) were all negative for disease. Chest x-ray, echocardiogram and upper abdominal ultrasound were normal. Spleen and liver size were within normal limits. A CT-scan of thorax and abdomen were also normal.

He was invited for a repeat complete blood count after 2 months, with WBC reaching 21,000/μL (neutrophils: 14,280/μL, lymphocytes: 5250/μL, eosinophils: 630/μL, basophils: 840/μL). Once again he was asymptomatic and with no signs of infection or any other inflammatory condition. He was instructed to stop intake of simvastatin and repeat the examination in another 2 months. In January 2006, leukocytosis was still present (WBC: 17,900/μL, neutrophils: 11635/μL, lymphocytes: 5012/μL, eosinophils: 537/μL, basophils: 716/μL). He was prescribed atorvastatin at 20 mg/day because of elevated LDL levels. The diagnosis of CIN was suspected and he was offered a bone marrow aspiration biopsy to rule out other conditions. He refused the exam and was scheduled for routine follow-up. He was also advised to stop smoking.

[Figure 1](#f1-ccrep-6-2013-015){ref-type="fig"} displays all WBC counts over the course of 7 years since presentation. All results were consistent with CIN, and mild elevations in C-reactive protein were also noted ([Fig. 2](#f2-ccrep-6-2013-015){ref-type="fig"}). He did not receive any other medications during this period besides antipyretics for 2 episodes of common cold; all laboratory examinations were performed at least 10 weeks far from the common cold episodes. He had two unsuccessful attempts to quit smoking, one without any medical treatment in 2006 and one with varenicline plus nicotine patches in 2010. A change in statin prescription from atorvastatin (20 mg/day) to rosuvastatin (20 mg/day) was done in May 2010, but no difference was observed in WBC count in subsequent measurements.

In February 2012 he managed to quit smoking by the use of electronic cigarettes. It should be mentioned that use of electronic cigarettes was a personal choice of the patient; no advice or recommendation to use it was provided by the physicians, since it has not been approved as a smoking cessation method. He reported complete smoking cessation after 10 days of using the device. One month earlier, his complete blood count was consistent with CIN. In August 2012, routine follow-up showed no leukocytosis (WBC: 8800/μL, neutrophils: 4400/μL, lymphocytes: 3344/μL, eosinophils: 352/μL, basophils: 704/μL). C-reactive protein levels were also normalized. His BMI was 28.4 kg/m^2^. The test was repeated in 2 different laboratories, with similar results. Further tests, 1, 2 and 3 months later revealed no leukocytosis. During this period, he was using the electronic cigarette daily, consuming liquid with nicotine concentration of 9 mg/mL. Smoking abstinence was confirmed during his last three visits by measuring carbon monoxide in exhaled breath; it was within normal limits (4 ppm).

Discussion
==========

To the best of our knowledge, this is the first study which reports that smoking cessation with the use of electronic cigarette leads to reversal of chronic idiopathic neutrophilia. The most important message is that despite the daily use of electronic cigarette by this patient, the beneficial effects of smoking cessation were maintained.

Electronic cigarettes were invented in 2003, with awareness and use increasing significantly over the past 3 years.[@b13-ccrep-6-2013-015] They have been introduced to the market as tobacco harm-reduction products and they may have a unique role in this field. They work by evaporating a nicotine-containing liquid, which is subsequently inhaled by the user. In addition to nicotine, the constituents of liquids used for evaporation are limited to propylene glycol, glycerol, and flavorings. Since they deliver nicotine and at the same time resemble the act of smoking by production of visible vapor, they deal with both the chemical (nicotine delivery) and behavioral components of cigarette addiction.[@b14-ccrep-6-2013-015] A non-randomized study by Polosa et al[@b15-ccrep-6-2013-015] and an internet survey by Siegel et al[@b16-ccrep-6-2013-015] suggested that they may be effective as a smoking cessation tool.

The absence of tobacco and the lack of combustion are important features in the health-related profile of these products. Until recently, research on the composition, toxicology, and clinical effects of electronic cigarettes was scarce. Thus, FDA and WHO publicly expressed serious concerns about electronic cigarette use in 2009, recommending that their use should be avoided. Cahn and Siegel[@b14-ccrep-6-2013-015] summarized several chemical analyses performed until 2011, showing that electronic cigarette liquid contents are far less harmful compared to tobacco.[@b14-ccrep-6-2013-015] For nitrosamines they mentioned that, when present, the amount was 500-fold to 1400-fold reduced in electronic compared to tobacco cigarettes.[@b14-ccrep-6-2013-015] Substances produced from combustion of tobacco cigarettes, like polycyclic aromatic hydrocarbons, were not present in any of the liquids tested. Although still inadequate, research on electronic cigarettes has progressed over the past year. During the 14th annual meeting of the Society for Research on Nicotine and Tobacco Europe, Romagna et al[@b17-ccrep-6-2013-015] presented a cytotoxic study comparing electronic cigarette vapor with tobacco cigarette smoke; they found that vapor extract from 10 different commercially available liquids were not cytotoxic to cultured mammalian cells compared to significant cytotoxicity observed from tobacco smoke extract.[@b17-ccrep-6-2013-015] Only three clinical studies on the effects of electronic cigarettes on human health have been performed. Vardavas et al[@b18-ccrep-6-2013-015] found that 5 minute use of electronic cigarette produced a mild but significant elevation in pulmonary resistance.[@b18-ccrep-6-2013-015] However, no comparison with the effects of tobacco cigarettes was performed. Flouris et al[@b19-ccrep-6-2013-015] found that no elevation in WBC count was found after electronic cigarette use; in comparison, WBC and neutrophil counts were significantly elevated immediately after tobacco cigarette smoking.[@b19-ccrep-6-2013-015] Farsalinos et al[@b20-ccrep-6-2013-015] studied smokers and electronic cigarette users with echocardiography before and after smoking and electronic cigarette use respectively.[@b20-ccrep-6-2013-015] Acute diastolic dysfunction was observed in smokers immediately after smoking 1 cigarette, while diastolic function was preserved after using the electronic cigarette for 7 minutes. Interestingly, although electronic cigarette users were previously heavy smokers, it took them on average only 2 days to quit smoking with the use of the device.

Despite all this data and the fact that no study has found that electronic cigarettes are more harmful when compared to tobacco cigarettes, it must be emphasized that research is still in its infancy. More studies are needed, especially clinical studies, on their long-term effects. It will take several years, however, before such studies are published as awareness and use of electronic cigarettes has increased only recently. Delay will also occur as the knowledge that smoking-related disease and the beneficial effects of smoking cessation take several years before becoming clinically evident. Until that time, research should focus on the pathophysiological mechanisms by which smoking causes disease and should proceed on both laboratory and clinical level. The crucial scientific question that should be addressed is whether electronic cigarettes are less harmful compared to tobacco cigarettes, since they should be marketed solely as a tobacco harm reduction product and not as a new habit for the general population. In any case, regulation and specific quality standards should be implemented as the use of non-pharmaceutical grade nicotine or other constituents may lead to the presence of toxic tobacco impurities in the liquids, which will be subsequently inhaled by the user.[@b14-ccrep-6-2013-015]

Although we cannot exclude that some constituents of electronic cigarette vapor may have had beneficial effects in reducing WBC count in our patient, the most probable explanation is that reversal of CIN was caused by smoking cessation itself. Smoking causes diseases by a variety of mechanisms, including inflammation.[@b21-ccrep-6-2013-015] It causes a 20%--25% increase in peripheral blood leukocyte count[@b22-ccrep-6-2013-015] in addition to elevated levels of inflammatory markers like C-reactive protein.[@b23-ccrep-6-2013-015] CIN is an uncommon condition associated with greater elevation in WBCs and neutrophils than those observed in the majority of smokers. Smoking however has been implicated as a cause for the condition. The patient had persistently elevated WBC count and mildly elevated C-reactive protein levels, without any underlying disease. This may represent a state of low-grade inflammation, which is a risk factor for future cardiovascular disease.[@b24-ccrep-6-2013-015] Although he was a smoker several years before CIN developed, we could not find any specific underlying cause for the development of the condition at the particular time of presentation. We know however that inflammatory markers have a temporal relationship to smoking,[@b25-ccrep-6-2013-015] and this might explain the delay in CIN presentation. Cigarette smoking was suggested as a potential cause for this condition in our patient after an extensive diagnostic analysis excluded other possible conditions or intake of medications such as corticosteroids and lithium which are associated with neutrophilia.[@b9-ccrep-6-2013-015] Despite the use of medically-approved methods, the patient failed to quit smoking. Finally, with the aid of electronic cigarettes, he was able to quit smoking in a timely manner. Five months later, CIN was reversed, although he was using the electronic cigarette on a daily basis.

Conclusion
==========

In conclusion, we presented a case of a young smoker having CIN and low-grade inflammation which was reversed after smoking cessation. Electronic cigarette use was successful as a smoking-cessation tool, after two failures to quit smoking (one with the use of currently-approved pharmaceutical methods). The daily use of electronic cigarettes did not hinder the beneficial effects of smoking cessation in this patient. Undoubtedly, this case report is in no way conclusive about the effects of electronic cigarettes on health. However, it indicates that research on the potential efficacy and health consequences of electronic cigarettes as a tobacco harm reduction product should be intensified. Until that time, we cannot recommend their use, but physicians will face two important ethical dilemmas in daily practice. Should they advise patients who have managed to quit smoking by using electronic cigarettes (like our patient) to stop using them, with the risk of smoking relapse? And should patients who have repeatedly failed to quit smoking by currently approved methods, such as the patient in this study, be denied the possibility, however small it may be, to quit smoking by using electronic cigarettes?
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![White blood cell, neutrophil and lymphocyte count over the course of 7 years follow-up of the patient.\
**Notes:** Time of presentation and two unsuccessful attempts of smoking cessation are indicated with arrows. The time of initiation of electronic cigarette, leading to smoking cessation, is also indicated by an arrow. Normal value for neutrophils is less than 8,000/μL (horizontal red line).](ccrep-6-2013-015f1){#f1-ccrep-6-2013-015}

![C-reactive protein levels over the course of 7 years follow-up of the patient.\
**Notes:** Time of presentation and two unsuccessful attempts of smoking cessation are indicated with arrows. The time of initiation of electronic cigarette, leading to smoking cessation, is also indicated by an arrow. Normal reference value for C-reactive protein is less than 5 mg/L (horizontal red line).](ccrep-6-2013-015f2){#f2-ccrep-6-2013-015}
